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Summary 
 
 Here we provide a thorough discussion of the study conducted by Rodgers et al. 
(2015) to investigate focal seizures and acquired epileptogenesis induced by head injury in 
the rat. This manuscript serves as supplementary document for our letter to the Editor to 
appear in the Journal of Neuroscience. We find that the subject article suffers from poor 
experimental design, very selective consideration of antecedent literature, and application of 
inappropriate epilepsy diagnostic criteria that, together, lead to unwarranted conclusions. 
 
 
Introduction 
  
 Many laboratories have been developing new etiologically realistic models to match 
different epilepsy syndromes in humans, with the hope that such models will reveal 
mechanisms that are actually relevant to the corresponding human epilepsies and identify 
treatments that will successfully translate to the corresponding patient populations. 
Development of these models, however, requires mastery of new techniques to produce 
epilepsy, and a good understanding of the corresponding human syndromes and of the 
established clinical practices used to evaluate such conditions. In this case, the clinical 
disorder is posttraumatic epilepsy (PTE), and the techniques used are fluid percussion injury 
(FPI), a realistic model of head injury in the rat, and electrocorticography (ECoG). FPI is a 
robust, yet complex technique that has been used and refined by the traumatic brain injury 
community since the 70s. It is recognized as a useful realistic model of human contusive 
closed head injury (Thompson et al., 2005) and it was used to demonstrate that rats, like 
humans, could develop posttraumatic epilepsy after a single contusive event (D'Ambrosio et 
al., 2004). Human PTE is an epilepsy disorder that is induced by head injury, with contusion 
being a potent risk factor. In PTE patients, convulsive or nonconvulsive seizures most often 
arise from the frontal neocortex and the temporal lobe (Gupta et al., 2014; Diaz-Arrastia et al., 
2009). Currently, no clinical treatment exists to prevent the development of PTE in head injury 
patients, and, in 30-40% of patients with PTE the seizures cannot be controlled with any of 
the available antiepileptic medications. The bulk of these drug-resistant seizures are focal 
and non-convulsive, while the convulsive type is generally easier to control with current 
medications (Semah et al., 1998). In addition, mesial temporal epilepsy is often very 
successfully treated by surgical resection, while the neocortical variant has a lower surgical 
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success rate (Jeha et al., 2007; Mosewich et al., 2000). Thus, one of the current translational 
imperatives is to develop good animal models of focal non-convulsive seizures to help 
develop new treatments for epilepsy patients. Several independent laboratories have 
successfully deployed FPI, and induced various forms of convulsive and non-convulsive 
epileptic seizures. Our laboratory has focused on developing, characterizing and optimizing a 
rat model of focal neocortical non-convulsive PTE induced by rostral parasagittal FPI (rpFPI; 
Curia et al., 2011; D’Ambrosio et al., 2004; 2005; 2009; Eastman et al., 2015), and deploying 
it to test treatments (Eastman et al., 2010; 2011; D'Ambrosio et al., 2013; Curia et al., 2015).  
 
 
Discussion 
 
 In this study, Rodgers et al. attempt to follow up on this work. They exposed rats to an 
unconventional FPI protocol, and found no acquired focal seizures, convulsive or non-
convulsive. They instead recorded frequent bilateral spontaneous spike and wave discharges 
(SWDs) that were equally distributed among injured and uninjured rats. The authors, 
erroneously claim that their bilateral SWDs are identical to the acquired focal neocortical 
epileptic seizures described by our laboratory after rpFPI, and argue that these results raise 
concern about the translational relevance of the rat FPI-PTE model. To the contrary, these 
investigators: 1) used an unconventional FPI method that simply did not induce an 
epileptogenic injury, 2) used rats that appear to suffer from an unprecedented high incidence 
of genetic absence epilepsy (bilateral SWDs) never before reported in young male Sprague 
Dawley rats, 3) failed to use the correct diagnostic criteria used clinically to distinguish focal 
epilepsy from genetic absence epilepsy, and 4) systematically failed to acknowledge or 
discuss a large body of published data that would invalidate their conclusion. As a result the 
authors compared absence epilepsy in their control rats with the same absence epilepsy in 
their FPI rats, and concluded that they look similar. Thus, contrary to the authors’ assertion, 
the study has no implication for the translational relevance of the FPI model of PTE, or for 
any of the other etiologically realistic acquired epilepsy models that are being used in a 
growing number of laboratories and that induce non-convulsive seizures.  
 
Some of our most important concerns about this paper are detailed below: 
 
 First, the FPI methods used in this study are inadequate. While this work seems to be 
presented as a meticulous and faithful replication of our rpFPI-PTE model, it is actually 
impossible to determine how FPI was administered. The authors do not disclose the device 
used to administer FPI, and describe their methods only by citation of prior studies that used 
two very different FPI devices and methodologies (D’Ambrosio et al., 2004; Frey et al., 2009; 
Rodgers et al., 2012), as if these disparate methods were interchangeable. They are not. Two 
issues are key: the FPI device, and the fluid path connecting the device to the animal. Based 
on previous correspondence with the senior author, and considering his past publications, we 
understand that they inflicted FPI with a device where the mechanical energy is generated by 
an electronically-controlled picospritzer (Frey et al., 2009; Rodgers et al., 2012). Conversely, 
all laboratories that have successfully induced PTE with FPI used the classic FPI device 
which consists of a saline-filled cylinder from which saline is ejected into the skull cavity onto 
the dura to create a contusion when a weighted pendulum strikes a piston (Thompson et al., 
2005; D'Ambrosio et al., 2004; Kharatishvili et al., 2006; Goodrich et al., 2013; Shultz et al., 
2013). This is critical because no protocol to induce epileptogenesis with a picospritzer has 
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ever been described and there is, to date, no evidence that picospritzer-based FPI can 
deliver the kinetic energy required to properly injure the brain to induce any of the PTE 
syndromes (convulsive or non-convulsive; neocortical or mesial temporal) that have been 
reported after conventional FPI by several laboratories. 
 The authors' attempt to match pressure pulse amplitude and duration is inadequate to 
establish equivalency of injury performed by other laboratories, and no data on the actual 
kinetic energy delivered, or on the volume of injected saline, or on the contusion induced by 
their picospritzer-based method is presented in the paper. The proxy measure of the injuring 
kinetic energy -the pressure pulse waveform- is measured in all laboratories by a transducer 
located inside the FPI apparatus several inches from the dura. Thus, the kinetic energy 
actually delivered to the dura, the volume of saline injected onto the dura in the skull, and the 
induced brain compression and contusion, are all critically influenced by the gauge, length 
and flexibility of the fluid path from the transducer to the dura. Experienced laboratories 
manage all of these paramenters (and many more) to ensure the appropriate delivery of the 
required kinetic energy to the dura (Dixon et al., 1988; McIntosh et al., 1989). The parameters 
of the pressure pulse provided in the FPI literature are used by experienced laboratories only 
to compare injuries administered using strictly identical FPI devices and methods. The fluid 
path typically differs in different instruments (even of the same type), and can even be 
affected by the well-known problem of compressible air bubbles that must be purged from the 
system for reproducibility and reliability. Even small differences in the fluid path between the 
pressure transducer and the dura can cause significant changes in pressure that would not 
be detected by the pressure transducer. The authors’ use of acute mortality rate and righting 
time also does not establish equivalency of injury. It has been demonstrated that these acute 
measures are inadequate indicators of the epileptogenic potential of classic FPI, even when 
all other variables are held constant within the same laboratory (Curia et al., 2011). We have 
shown that, all other things being equal, reducing the amplitude of the FPI pressure pulse 
from 3.4 atm to 2 atm results in a dramatically lower incidence and frequency of seizures, in 
fact, with no seizures in the early months post-injury, without appreciable change in mortality 
rate, posttraumatic apnea or righting times (Curia et al., 2011). In addition, the pathological 
evidence presented in this paper is scant (one cresyl-violet stained section per group), and is 
inadequate to indicate equivalency of injury induced by other laboratories, especially in view 
of the fact that the PTE induced by conventional FPI appears to be independent of major 
structural, functional, and behavioral changes induced by TBI (Shultz et al., 2013; Curia et al., 
2011).  
 Thus, there is no basis for confidence that the FPI methods in this report were similar 
to the conventionally delivered FPI that induce epileptogenesis in other laboratories. Indeed, 
the failure to induce PTE in this study demonstrates the injuries were different. There are 
many parameters in experimental brain injury models like the FPI that must be properly 
controlled to obtain reproducible results. Before being used for epilepsy research, novel 
implementations of FPI must first be proven to produce the same results as the classic 
method does (Hameed et al., 2014). Explicit comparison to conventional methods that have 
been proven to work is especially relevant in a report, such as this one, which highlights 
negative findings -  particularly given that no protocol to induce PTE with a picospritzer has 
ever been published. Indeed, the authors have not yet demonstrated that, using their 
picospritzer-based FPI methods, they can replicate tonic-clonic convulsions reported after 
lateral FPI (Kharatishvili et al., 2006; Shultz et al., 2013), which they regard as a bona fide 
PTE model.  
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Second, Rodgers et al report of a high incidence (70% - 100%) of very frequent 
(~100/day) bilateral SWDs in uninjured young male Sprague Dawley rats, is unprecedented 
and puzzling. While the occurrence of age-dependent bilateral SWDs in most laboratory rat 
strains is well documented, all prior studies we are aware of have found them to be absent or 
very rare in young (<3-5 months) male Sprague Dawley rats (Willmore et al., 1978a; 1978b; 
Aldinio et al., 1985; Aporti et al., 1986; Buzsaki et al., 1990; Willoughby and MacKenzie, 
1992; D'Ambrosio et al., 2005; Pearce et al., 2014). Despite citing several of these studies, 
Rodgers et al fail to note or discuss this critical discrepancy between their data and the 
literature, and leave their aberrant findings completely unexplained. These findings could 
reflect a high rate of false-positive detections due to poor accuracy of the unpublished and 
unvalidated methods they used to automate the quantification of SWDs. In fact, the authors 
do not provide enough details of the algorithm, the training dataset, and of the process of 
identification of false positives to judge the quality of their approach. Another plausible 
explanation for the unprecedented SWD-activity reported in this study is that the Sprague 
Dawley rats they obtained from Harlan Laboratories differed genetically from those used in 
the laboratories that found few or no SWDs in the young male Sprague Dawley rats, and 
were more prone to SWDs. Recent work has shown that genetic drift can affect the 
behavioral performance of Sprague Dawley rats obtained from different vendors, and even 
from different colonies of the same vendor (Fitzpatrick et al., 2013). Genetic drift has been 
shown to greatly affect frequency and incidence of bilateral SWDs in GAERS (Powell et al., 
2014). Whatever the explanation, it seems unlikely that the frequent occurrence of SWDs in 
virtually all young male Sprague Dawley rats could have eluded detection in six independent 
laboratories over the span of almost 40 years.  
 
Third, the authors do not use the correct diagnostic criteria used in humans to 
distinguish between the seizures of focal neocortical epilepsy and those of generalized 
absence epilepsy, but dwell instead on the morphology and power spectrum of the ECoG 
discharges, which are not clinically recognized as adequate diagnostic criteria to differentiate 
these seizure types. Indeed, clinical neurophysiology has long recognized that certain 
waveform features, like theta frequency activity, with or without fast spikes or spike-wave 
complexes, can also be found in focal neocortical epilepsy, especially frontal and temporal, 
and of any etiology, including trauma (Niedermeyer et al., 1970; Hughes, 1980). Because of 
this, the clinically recognized criteria for determination of focal seizures are the consistent 
origin from a specific pathological anatomical area (the epileptic focus), the lateralization of 
the electrical seizure, and the delayed spread, if it occurs (Stefan et al., 1997; Muro and 
Connolly., 2014). A matching brain lesion, if present, will support the diagnosis. These 
features are diagnostic, because human focal seizures initiate consistently from the same 
pathological anatomical area (the epileptic focus), and spread with a variable time lag from 
about 1 second to tens of seconds (Gotz-Trabert et al., 2008). Conversely, initiation of a 
seizure from both hemispheres (i.e. electrical bilaterality within a very short time frame), is a 
key clinical diagnostic criterion used to distinguish genetic absence epilepsy from focal 
seizures in humans (Drury and Henry, 1993). The authors, report 80%-90% of their SWDs to 
be bilateral and begin synchronously within 100ms in all channels, and precipitate from both 
frontal lobes. They also report that the remaining SWDs exhibit no consistent lateralization, 
i.e. they initiate from either frontal lobe. In fact, these observations demonstrate that they are 
not dealing with an anatomical epileptic focus but rather with absence epilepsy. The authors' 
claim that absence epilepsy can be "focal" is misleading in the context of clinical differential 
diagnosis from acquired epilepsy, because absence epilepsy does not have a pathological 
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epileptic focus like focal seizures do. The electrical discharges in absence epilepsy do not 
localize to a pathological area, exhibit no consistent lateralization, and initiate from either 
frontal lobe even when a sophisticated phase analysis is conducted to detect the earliest 
(within milliseconds) network precipitating it in both humans (Holmes, 2008) and rat (Meeren 
et al., 2002). 
In stark contrast with the seizures reported by Rodgers et al., our ECoG recordings 
demonstrate that most seizures induced by rpFPI have a consistent unilateral focal 
perilesional onset, with or without subsequent spread to distal cortical areas. The vast 
majority of the seizures that we observe within few months after FPI are “isolated” (grade 1 in 
our terminology). These are detected only at the perilesional electrode next to the epileptic 
focus, and range in duration from 1s to over a minute. When the focal seizure spread (grade 
2 in our terminology) the spread occurs with a time-lag much longer than the authors' 100ms 
criterion, ranging from about 1 to tens of seconds, and consistent with the time lag of the 
spread of human focal neocortical seizures (Gotz-Trabert et al., 2008). The perilesional 
focality and spread of the rpFPI-induced seizures has been demonstrated in several of our 
papers (For example, Figs. 1 and 4B in D'Ambrosio et al., 2004; Figs. 2A, 2B In D'Ambrosio 
et al., 2005; Figs. 2I, 2F, 2J, 7D in D'Ambrosio et al., 2009; Figs. 10E, 10G in Eastman et al., 
2010; Fig. 6 in Curia et al., 2011;  Fig. 7 in Eastman et al., 2011; Fig. 1 in Eastman et al., 
2015), including two with grid recordings (Fig. 4 in D'Ambrosio et al., 2004; Figs. 2A-F in 
D'Ambrosio et al., 2009). In addition, consistent with their perilesional neocortical origin, we 
have shown in blind and randomized studies that rpFPI-induced focal seizures are potently 
prevented by a very focal treatment of the perilesional frontal neocortex (cooling by 2oC; 
D’Ambrosio et al., 2013). Thus, the focality and lateralization of the seizure induced by rpFPI, 
and the existence of the pathological epileptic focus originating them,  is beyond question, 
and they distinguish these seizures from absence epilepsy and bilateral SWDs, by clinically 
recognized criteria.  
Moreover, the authors err in asserting that it is established that short duration and 
spectral power at 7-9Hz is uniquely characteristic of rodent genetic bilateral SWDs. Many 
acquired epilepsy models, including cortical iron injection (Willmore et al., 1978a; 1978b), 
head injury (D'Ambrosio et al., 2004), photothrombic stroke (Paz et al., 2013), prolonged 
hippocampal electrical (Norwood et al., 2008) or kainate-mediated (Maroso et al., 2011; 
Roucard et al., 2014) excitation, and perinatal hypoxia (Rakhade et al., 2011) induce seizures 
that start with dominant spectral power in the theta band (4-9Hz). In fact, like the neocortical 
seizures described in the rpFPI model, the acquired focal seizures (both complex and simple 
partial) described in the neocortex of drug-resistant epilepsy patients can be short and 
present with a dominant spectral power in the theta band (Gotz-Trabert et al., 2008; Ikeda et 
al., 2009; D'Ambrosio et al., 2009; Butler et al., 2011). These frontal neocortical focal seizures 
described in humans often have the same electrophysiological properties, unilateral focality 
(with or without spread), spectral power, and even ictal behavioral arrest as those we 
observed in our rats with frontal neocortical focal seizures. The temporal neocortex has also 
been found to discharge with the same focal theta activity (Lüders et al., 1993). The readers 
can easily compare the electroclinical and spectral description of the human seizures shown 
in Figs. 5 and 7 in Ikeda et al., 2009, Fig. 1 in Butler et al., 2011, and also Fig. 1C in Gotz-
Trabert et al., 2008, and Fig. 7 in Lüders et al., 1993, with the frontal neocortical seizures 
induced by rpFPI (e.g., Fig. 1 in D'Ambrosio et al., 2004; Fig. 2 in D'Ambrosio et al., 2009). 
Even the duration of the rpFPI-induced focal neocortical seizures is consistent with that found 
in human frontal neocortical epileptic foci with invasive monitoring. The readers can easily 
compare Fig. 1B in Eastman et al., 2015 and Fig. 2 in Curia et al., 2011, with Fig. 2A in Stead 
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et al., 2010, and Fig. 7 in Ikeda et al., 2009. Thus, it is the epileptic discharge of the 
neocortex that often times, and independently from etiology, presents with brief events and a 
strong theta component of the spectrum in both rodents and humans. 
 
Lastly, the authors failed to note that the posttraumatic epileptic seizures that develop 
after rpFPI also have pharmacology distinct from that of genetic bilateral SWDs in the rat. 
rpFPI-induced focal seizures were not controlled by carisbamate (Eastman et al., 2011) and, 
in 60% of the animals, by valproate (Eastman et al., 2010), which both potently controlled 
genetic bilateral SWDs (Francois et al., 2008; Marescaux et al., 1984; Dedeurwaerdere et al., 
2011). In addition, as noted above, the ability to potently prevent rpFPI-induced focal seizures 
by mild focal cooling of just the perilesional neocortex demonstrates them to be acquired and 
originate from a genuine pathological epileptic focus (D'Ambrosio et al., 2013). All these 
results are impossible to reconcile with a claim that rpFPI-induced focal seizures are similar 
to genetic bilateral SWDs.  
 
 
Conclusions 
 
There is no evidence that the FPI administered in this study was adequate to induce 
epileptogenesis, nor that the authors' methods could induce any of the different forms of PTE, 
convulsive or non-convulsive, reported after FPI by many different laboratories. Except for the 
unprecedented and unexplained abundance of SWDs in young male Sprague Dawley rats 
used by the authors, this absence epilepsy is similar to that described in aging rats of this and 
other strains, and is clearly distinct from human focal neocortical epilepsy and from the rpFPI-
induced focal neocortical seizures in the rat. Because the authors could not induce focal 
seizures by FPI, they ended up comparing absence epilepsy in their controls with absence 
epilepsy in FPI rats, and concluded that they look similar. They also used inappropriate 
epilepsy diagnostic criteria that cannot distinguish between focal non-convulsive seizures and 
genetic absence epilepsy. Moreover, the authors failed to consider all literature conflicting 
with their conclusion, and surmised similarities between the absence epilepsy in their rats 
with the focal seizures we induce by rpFPI. The absence-like SWDs described in this study 
have no obvious implication for what constitutes a model of acquired non-convulsive epilepsy, 
other than requiring investigators to be aware of their existence and to design their studies to 
recognize them and manage them. 
To this end, the use of young animals with no or low background of SWD, like those 
used in many other laboratories, would simplify the work (Curia et al., 2015). In addition, the 
adoption in preclinical studies of clinically recognized epilepsy diagnostic criteria would 
facilitate the identification of new treatments that translate to the corresponding patient 
populations, especially when evaluating etiologically realistic models of acquired epilepsy that 
can present with human-like seizures (D'Ambrosio and Miller, 2010). 
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